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We evaluate the Polyakov loop and string tension at zero and finite temperature
in QED2. Using bozonization the problem is reduced to solving the Schro¨dinger
equation with a particular potential determined by the ground state . In the pres-
ence of two sources of opposite charges the vacuum angle parameter θ changes by
2pi(q/e), independent of the number of flavors. This, in turn, alters the chiral con-
densate. Particularly, in the one flavor case through a simple computer algorithm,
we explore the chiral dynamics of a heavy fermion.
The Schwinger model, quantum electrodynamics in 1 + 1 dimensions, has
expediently been used as a metaphor of color screening in gauge theories.1 In
its massless form it is reduced to a free field theory and, consequently, solved
exactly.2 With massive fermions the theory is no longer solvable.3 Here, fraction-
ally charged test particles are confined quite analogously to quark confinement
in QCD.5,6,7
In the Matsubara formalism the model at finite temperature in equilibrium
is equivalent to an Euclidean field theory of compact imaginary time τ. The
strategy is to solve the model on a circle S1 where we use the powerfull machin-
ery of bosonization and Wick rotate by the replacement L→ β, it→ x, x→ τ.
The Wilson line on the circle corresponds to the Polyakov loop in Euclidean
space of compact τ.
The bosonization is carried out in the interaction picture defined by free
massless fermions: iγ∂ψ = 0. The Hamiltonian posseses a residual gauge sym-
metry. In view of this degeneracy the ground state of the theory is the theta
vacumm, quite analogously to QCD. When the fermion masses are small we
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Figure 1: T -dependence of the Polyakov loop and free energy in the N = 3 model with
m/µ = .01. The free energy stays finite at all T .
express the vacumm wave function in terms of f(ϕ1, · · · , ϕN−1; θ).
8 Then, the
problem is reduced to the solution of a Schro¨dinger equation of N − 1 degrees
of freedom.
{
−△N + VN
}
f(ϕ1, · · · , ϕN−1) = ǫ f(ϕ1, · · · , ϕN−1)
△N =
N−1∑
a=1
∂2
∂ϕ2a
−
2
N − 1
N−1∑
a<b
∂2
∂ϕa∂ϕb
VN = −
N∑
a=1
maAa cosϕa
( N∑
a=1
ϕa = θ
)
(1)
where Aa is determined by the boson masses µα. The boson masses themselves
are to be determined self-consistently by f(ϕ1, · · · , ϕN−1; θ). Schematically the
following process proceeds until convergence: Aa → f(ϕ) → µα → Aa . We
use the vacumm wave function to compute the Wilson line, from which we
obtain the Polyakov loop.8 Results are displayed in fig. 1. The Polyakov loop
vanishes for fractional charge due to gauge invariance.
To study confinement we pose the question: What is the energy of a
pair of external sources of charge q and −q ? This in fact, is related to the
Polyakov loop correlator and can be computed in mass perturbation theory.
Perturbation theory cannot be employed when N ≥ 2 as physical quantities
are not analytic in m at T = 0. 4 Nevertheless, the change in the energy
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Figure 2: T -dependence of the chiral condensates with fixed m/µ and θ
due to the introduction of external sources, when ma = m ≪ µ to O(d/L)
(d is the separation), can be found.8 One finds that the string tension σ =
Nm
{
〈ψ
−
ψ 〉θeff − 〈ψ
−
ψ 〉θ
}
, θeff = θ − 2πq/e .
Removing the restriction of small masses in the one flavor case, we have
computed the chiral condensate (fig.2). Polyakov loops have also been computed.9
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